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NOTICES

Disclaimers

The findings in this report are not to be construed as an
official Department of the Army position, unless so desig-
nated by other authorized documents.

The citation of trade names and names of manufacturers in
this report is not to be construed as official Government
indorsement or approval of commercial products or services

referenced herein.

Disposition

Destroy this repoct when it is no longer needed. Do not
return it to the originator.




9, o U Fevim r"Pt NO» ,L} /

s e Se,, 77
UNCLASSIFIED &)

SECUMTY EURIYFICATION OF THIS PAGE (Phen Deate Entored)

READ INSTRUCTIONS
BEFORE COMPLETING FORM
RECIPIENT'S CATALOG NUMBER

MENTATION PAGE

w_‘,(.ﬂ'\t'"'v)l'

JEs

Second Interim Tech Rptv
June 1977 to Sept 1977

', 8. TYPE OF REPOAT & PEMOD COVERED

;
>
€]
2
Q
)
=3
Q
R
'Q
=
B
8
<]
5
3
=

-

6. PERFORMING ORG. REPORT NUMBER -

8. CONTR OR GRANT N N')

15 @mﬁ -77-C-2647

o

1901 W. Malvern, Fullerton, CA 92634

11, CONTROLLING OFFICE NAME AND ADDRESS

[V, PERPORMING ORGANIZATION NAME AND ADDRESS PROGRAM ELEMENT, PROJECT, TASK
Hughes Aircraft Company AREA & WORK UNIT NUMBERS Q E 1_
Ground System Groupv (\
/& 11762795 AH4| E1-01

US Army Electronics Command h May 8978
ATTN: DRSEL-TL-BG p aGEs
rt M 77 15 RN
ITORIN Y HNAME & ADORESY(I! diiferent frem C...““ Oflfiee) 18. SECURITY CLASS. (of ),
Unclassified /7\ o &
ASSIFICATI [ )
NEDULE

ﬁmhluf (ol thie Ropert)
Approved for Public Release; Distribution Unlimited,

17. DISTRIBUTION STATEMENT (of the sbetrect entored In Block 20, Il ditforent lrem Report)

18. SUPPLEMENTARY NOTES

19. xEv (C on olde 1 and fy by Mock

TWT Grid Pulser
Solid State Grid Pulser
Microwave Transmitter Components

20. ABSTRACY (C an olde It omd fy by bleek o
\‘E’ Both NPN and PNP driver circuits have been breadboarded and satis-
factorily tested using a worst case transformer primary equivalent circuit
load. The preliminary designs of the transformer and pulse top regulator

have been completed. ;\

DD 2%, 1473  eoimion oF 1 wov 8 18 oesoLETR UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (Phen

1The 3 '7¢




Sl e L

ABSTRACT

Both NPN and PNP driver circuits have been breadboarded and satisfactorily
tested using a worst case transformer primary equivalent circuit load. The pre-
liminary designs of the transformer and pulse top regulator have been completed.

SUMMARY

The transformer driver circuits provide 0.1 psec peak power pulses of
approximately 1.5 kW and approximately 0.6 kW through the 10 usec pulse width.
The breadboard circuit tests indicate that both the NPN and PNP circuits provide
adequate current levels and rise times while operating within their specified
voltage and power ratings.

The transformer windings have been fabricated and are ready for fitting of
the copper tube end turns and core.

PROGRAM OBJECTIVE

This program effort is intended to develop a documented working model of a
pulse transformer type TWT grid modulator (See Figure 1). This particular con-
figuration has been chosen in order to minimize the amount of circuitry at the TWT
cathode potential, and thus enhance reliability and maintainability., The pulse
transformer secondary will drive the TWT grid directly while referenced to the
-50 kV TWT cathode potential. The primary of the transformer is to be driven by
solid state circuitry operating at potentials ranging from 200 to 400 volts with
respect to chassis ground, The secondary output is to be a 2 kV pulse to modulate
the grid of a high Powered TWT.

PROGRAM ORGANIZATION

The design portion of the program is to be accomplished in three separate
phases corresponding to the three major design problems associated with a modu-
lator of this type.

1. The transformer must be able to withstand a secondary to primary voltage
stress of -50 kV and simultaneously exhibit a primary leakage inductance
low enough to allow a secondary pulse rise time of 1 usec maximum,

2. The primary drive transistors must be designed to operate at very high
peak power dissipations at high temperatures without failures due to sec-
ondary breakdown, The primary drive circuitry must operate with current
rise and fall times <0. 5 usec to charge and discharge the circuit stray
capacity., .

3. Since the pulse transformer must be under damped to provide the short
rise and fall times required, it will exhibit overshoot and ringing. The
phase stability requirements of the TWT will therefore force regulation
of the grid pulse top, Active circuitry must be designed to perform pulse
top clipping and regulating functions and negative bias clamp functions.
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Existing, proven circuit designs will be used where possible to minimize design
time. The PNP transformer drive circuitry, the pulse top clipper regulator, the
TWT bias fault circuitry and the TWT filament fault circuitry all as designed for
the AN/TPQ-36 system can be used with very minor modifications.

FLOATING DECK FUNCTIONS

Three different devices for primary drive circuits are under investigation; the
PNP transistor, the NPN transistor and the gate turn-off (GTO) SCR. Preliminary
circuit designs will be used to determine the optimum performance and most
economical configuration, :

The pulse top clipper regulator will be in the form of a closed control loop that
both clips the oscillations on the modulator transformer secondary and controls the
level of the TWT grid pulse across the width of the pulse.

Since interpulse negative grid voltage must only maintain the TWT in the off
state and is not otherwise critical, the bias supply may be an unregulated ;
. transformer-rectifier power supply.

The clamp supply clamps the negative overshoot from the modulator trans-
former to a level witkin the rating of the TWT,

One secondary of the power isolation transformer provides power for the TWT
heater regulator. The heater regulator then provides stable power at 8V and 10A
to the TWT filament, The voltage from the other secondary of the power isolation
transformer is rectified and filtered and used to supply regulated 30 Vdc to 80 kHz
inverters which in turn provide power to the various circuit components on the
floating deck.

The TWT filament fault circuit and the TWT grid bias fault circuit provide
optical signals through fiber optic couplers from the -42 kV level to transmitter
control unit (TCU) interfaces at ground level, If the TWT filament voltage drifts
either high or low, the "heater OK" signal to the TCU is removed and system
operation is terminated. If the TWT grid bias voltage drifts above a preset value,
the "bias OK" signal to the TCU is removed and system operation is terminated.

FINANCIAL STATUS

Present contract funding appears to be adequate to successfully complete the
task. Expenditures through the end of August are as follows:

Labor — 738 Manhours ACCESSION for
Total — $16,6K - i Wite Sectin J
o
(a]

b “ DISTRIBUTION /AVAILABILITY CODES
’( Oist. AVAIL and,or SPEGIAL

2 A




DESIGN REQUIREMENT OUTLINE

I. DRIVERS
a., NPN
b. PNP
c. GTO SCR
II. MODULATOR TRANSFORMER
a. IN/OUT Volt Levels

b. Driving PNT Impedance (rise time)

c. Size, Weight
II. PULSE TOP CLIPPER
a. Amplifier
b. Control Element (Transistor)
c. Vcltage Shifters (Zeners)
d. Input Circuits (Sensors)
IV. BIAS SUPPLY
a. Bias for Mod Transformer
b. Negative Clamp
V. INSTRUMENTATION
a, Filament Fault
b. Bias Fault
Vi. POWER SUPPLIES
a. TWT Heater
b. 30 Vdc

c. 80 kHz Inverters
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MODULATOR PERFORMANCE OBJECTIVES

Parameter Symbol Design Goal
Grid pulse ty < 1 usec
rise time
Grid pulse tf <1 usec
fall time
Minimum Tw 1 usec
Pulse width
Maximum Tw 10 usec
Pulse width
Maximum D 5%
duty cycle R
Pulse top v S 10%
overshoot
Pulse top AE 0.0058%
Stability RMS max

4

A et




e

72830-1R

wesdeiq yooig y3g Suneoyy 1 amdiy
__ | NOILV10S! H3IMOd
| S317ddNs 3 _ 214 00V
1 ¥3IMOd IVA ST1
%230 A
_ 31
i _ _ 11n2412
& T i 1NV
| ; _ .. N3S _ JAILISN3S
) Nv4 1H9IM oL
H3ILVIH
= = hapies aNV SY _
s _ I
AddNS AddNS _
= Y3IWHOASNYYHL
= dWV1D svig
T I I _ NOILV0S! 35Nd
>
| | _ 3 _
L o4
_ HOLVYIND3Y _
Y3ddINd le__om1
imi 3Isnd 140
_ _ ¥3AINC
- QoW
_ R 1T
NO
_uo AN ZY- LY ONILVO14 SININOJWOI 3SO1INI _

i e




PROGRESS

During the reporting period, the designs of the modulator transformer,
driver circuits, and clipper regulator were completed. Details of these designs
are as follows:

Modulator Transformer

The modulator transformer is constructed on a core of 2 mil 80% Ni. The
core geometry and material were selected to provide a 10 usec pulse width with
minimum pulse top droop. The transformer construction is shown in Figure 2.
Each primary winding is made of 2 mil copper foil to achieve closer coupling and
thus a lower leakage inductance. The secondary winding is No. 26 AWG magnet
wire. The primary and secondary are insulated for a 50 kV voltage gradient with
Kapton and Kraft paper. The start and finish turns of each of the secondary wind-
ings is made of 1/4" copper tubing to minimize the voltage gradient to the sur-
rounding ground potential.

Driver Circuits

The PNP (Figure 3) and the NPN (Figure 4) driver circuits exhibit very
similar operating characteristics in the modulator transformer equivalent test
circuit of Figure 6. The circuit designs are identical with circuit implementation
differing only in power supply and semiconductor polarity reversals. The output
transistor is driven on by a fast puise coupled through the 0.22 ufd capacitor from
the intermediate driver transistor. The output transistor is maintained in the on
state for the remainder of the 10 usec pulse by the input pulse transformer. Two
driver circuits are used to operate the modulator transformer; one as an "on"
driver and one as an "off" driver.

The Gate Turn Off SCR (GTO) circuit (Figure 5) offers some circuit sim-

plicity but the device is susceptible to gate leakage instability at higher temper-
atures. The GTO driver will be tested as time permits.

TYPICAL DRIVER CIRCUIT TEST RESULTS

Parameter Rise Peak Steady State Value

(See Fig. 6) Time Value (10 usec Intrapulse Period)
VO 0.1 usec 220 Volts 0.5 Volts
iL 0.1 pusec 4 Amps 3 Amperes
Ve 0.4 psec 200 Volts ~200 Volts

T R P TN Ty Sy TP
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Figure 2. Modulator Transformer Construction
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Figure 4. NPN Transistor Modulator Driver
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Figure 6. Modulator Transformer Equivalent Test Circuit
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Clipper Regulator Circuit

The clipper regulator circuit (Figure 7) maintains a constant positive voltage
on tae 0. 25 ufd clipper capacitor. The modulator transformer secondary positive
excursion is thus limited to this level by the clipper diode. Voltage changes on
the clipper capacitor are sensed by the compensated divider network, amplified
and used to control the current through the DTS 804 and the series stack of
330 volt zener dicdes. The zener diodes limit the collector voltage on the DTS 804
to a safe level (990 volts) and also bound the clipper control range between
+1650 volts max and +660 volts min.

CONCLUSIONS

The driving point.impedance of the transformer appears to be compatible with
the proposed drive circuits. The transformer input parameters, as measured with
the equivalent circuit, are reasonable and typical of this type of circuit. The cir-
cuit stresses are moderate and indicate that a conservative design is possible.

SUBSEQUENT PROGRAM DIRECTION
The transformer will be completed and tested, without high voltage stress,
to ascertain its exact characteristics. The pulse top regulator and bias supply will

be constructed and separately tested. After successful completion of the individual
tests, the units will be interconnected and tested as a composite system.
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